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During the dyeing process in baths approximately 10 to 15% of the dyes used are lost
and reach industrial effluents, thus polluting the environment. Studies showed that some
classes of dyes, mainly azo dyes and their by-products, exert adverse effects on humans
and local biota, since the wastewater treatment systems and water treatment plants were
found to be ineffective in removing the color and reducing toxicity of some dyes. In the
present study, the toxicity of the azo dyes disperse orange 1 (DO1), disperse red 1 (DR1), and
disperse red 13 (DR13) was evaluated in HepG2 cells grown in monolayers or in three dimen-
sional (3D) culture. Hepatotoxicity of the dyes was measured using 3-(4,5-dimethylthiazol-
2yl)2,5-diphenyltetrazolium (MTT) and cell counting kit 8 (CCK-8) assays after 24, 48, and
72 h of incubation of cells with 3 different concentrations of the azo dyes. The dye DO1 only
reduced the mitochondrial activity in HepG2 cells grown in a monolayer after 72 h incubation,
while the dye DR1 showed this deleterious effect in both monolayer and 3D culture. In con-
trast, dye DR13 decreased the mitochondrial activity after 24, 48, and 72 h of exposure in both
monolayer and 3D culture. With respect to dehydrogenase activity, only the dye DR13 dimin-
ished the activity of this enzyme after 72 h of exposure in both monolayer and 3D culture.
Our results clearly demonstrated that exposure to the studied dyes induced cytotoxicity in
HepG2 cells.
The dyeing of fabrics is an art that began
thousands of years ago and the commercial
availability of dyes is enormous. To meet the
demand of the consumer market over colors
and tones and their resistance, textile industries
have at their disposal more than 10,000 colors,
which represent an annual consumption of
about 700,000 tons globally (Guaratini and
Zanoni 2000; Rajaguru et al. 1999; Zollinger
1987).
Based on the chemical structure of the
chromophoric group, synthetic dyes are classi-
fied into several groups (Rajaguru et al. 1999).
Among these, the azo dyes, widely used in
the textile industry, represent the largest and
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most versatile group. Azo dyes are character-
ized by the presence of one or more azo groups
(N=N) and represent up to 70% of the amount
of dyestuffs consumed in industrial applications
(Novotny et al. 2006; Stolz 2001). Apart from
textile industries, azo dyes are used in printing,
leather, papermaking, drug, and food industries
(Chung and Cerniglia 1992).
During the process of dyeing in baths, it
is estimated that approximately 10 to 15%
of the dyes used in this process are lost
and reach industrial effluents (Rajaguru et al.
1999), contaminating the environment with
about 1 million tons of these compounds
(Shintaku et al. 2006), which is a concern,
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since studies showed that some classes of
dyes, mainly azo dyes and their by-products,
exert adverse effects (Chequer et al. 2009;
Ferraz et al., 2011a, 2011b; Golka et al.
2008; Houk 1992; Jager et al. 2004; Tsuboy
et al. 2007; Umbuzeiro et al. 2005a, 2005b).
Considering that, humans and local biota
are potentially exposed to adverse effects of
these compounds, as wastewater treatment sys-
tems and water treatment plants (WTP) are
ineffective in removing the color and pre-
venting mutagenicity induced by some dyes
(Konstantinou and Albanis 2004).
The potency of these compounds is depen-
dent on the nature and position of the sub-
stituents with respect to both the aromatic
rings and the amino nitrogen atom. For exam-
ple, 3-methoxy-4-aminoazobenzene (3-OMe-
AAB) is a potent hepatocarcinogen in rats and
mutagen in bacteria, whereas 2-methoxy-4-
aminoazobenzene (2-OMe-AAB) is apparently
noncarcinogenic and a weak mutagen under
similar conditions (Kojima et al. 1991). Thus, it
is important to point out that each dye should
be tested individually.
It is important to identify new drugs
and chemicals for potential hepatotoxicity
(Nakamura et al. 2011). Toxicologic approaches
using isolated hepatocytes are recognized as
important and practical models (Hewitt et al.
2007). HepG2 cells, derived from human hep-
atoma, are also useful tools to express the
activities of the phase I and phase II drug-
metabolizing enzymes, which play a crucial role
in the activation and detoxification of chem-
icals (Knasmuller et al. 1998). Evaluation of
toxicity by azo dyes may be determined in
HepG2 cells cultured in monolayer or in three-
dimensional (3D) spheroids. Cell aggregation
leading to spheroids, which exhibit extensive
cell–cell contacts and tight junctions, plays an
important role in maintaining hepatocyte via-
bility and differentiated functions in culture
(Bhatia et al. 1999).
Previously, spontaneous aggregation, liquid
overlay cultures, the hanging-drop method,
and spinner flasks were the most popular meth-
ods used to produce 3D spheroids (Elkayam
et al. 2006). It is noteworthy that Elkayam et al.
(2006) developed pre-fabricated scaffold based
cultures that are spheroids formed in alginate
scaffold. The size of spheroids formed in 3D
polymeric scaffolds with controlled pore size
and structure is restricted at or below 100 µm
where no oxygen or nutrient limitation occurs
in the center of spheroids up to 100 µm in
diameter; hence, cell viability, and hepatocellu-
lar functions are improved in spheroid (Glicklis
et al. 2004). In the present investigation the
toxicity of the azo dyes disperse orange 1
(DO1), disperse red 1 (DR1), and disperse
red 13 (DR13) was assessed using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and cell counting kit 8 (CCK-
8) assays in HepG2 cells cultured in monolayer
or in 3D spheroids after 24, 48, or 72 h of
exposure.
These dyes were selected based upon pre-
vious studies, in which these agents displayed
mutagenic, genotoxic, and ecotoxic activity in
Salmonella, HepG2 cells and Daphnia sim-
ilis, respectively (Chequer et al. 2009; Ferraz
et al. 2011a, 2011b). Since these dyes reach
the environment, humans and local biota are
potentially exposed to adverse effects of these
chemicals as reported previously (Chequer
et al. 2009, Ferraz et al., 2011a, 2011b). Three-
dimensional cultures were studied, as these
simulate the biochemistry and mechanics of the
microenvironment in tissues and therefore pro-
vide reliable data on the effects of short- and
long-term exposure to toxicants (Pampaloni
and Selzer 2009).
MATERIAL AND METHODS
Chemicals
The azo dyes DO1 (4-(4-nitrofenilazo)
difenilamina); CAS number 2581-69-3), DR1
(N-ethyl-N-(2-hydroxyethyl)-4-(4-nitrophenyla
zo)aniline; CAS number 2872-52-8), and
DR13 (2-[4-(2-chloro-4-nitrophenylazo)-N-
ethylphenylamino] ethanol; CAS number
3180-81-2) were purchased from Sigma (St.
Louis, MO) (Figure 1).
Alginate Encapsulation of Hepg2 Cells
HepG2 cells were obtained from the
American Type Culture Collection, number
HB 8065. The cell line was cultured in
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FIGURE 1. Chemical structure of the azo dyes disperse orange 1
(a), disperse red 1 (b), and disperse red 13 (c).
Eagle’s minimum essential medium (ATCC,
USA) supplemented with 10% bovine fetal
serum (FBS), penicillin (100 U/ml), strepto-
mycin (100 mg/ml), 25 mM N-2-hydroxyethyl
piperazine-N’-2-ethanesulfonic acid (HEPES),
and GlutaMAX-I (100×), all from Gibco (Grand
Island, USA), at 37◦C and flushed with 5%
CO2. Cells were trypsinized at 70–90% conflu-
ency, and resuspended at a density of 2 × 106
cells/ml in a mixture of 1 part 2.4% alginate
MVM (Pronova, UP MVM, Novamatrix) to
1 part culture medium. Cell-alginate beads
were formed using an electrostatic beads gener-
ator (Nisco Engineering, Zurich, Switzerland) by
pushing cell-alginate solution through a syringe
attached to a pump in a flow of 10,000 µl/h
to dispense the droplets into a dish contain-
ing 102 mM CaCl2 (Sigma, St. Louis, MO)
solution, yielding spherical beads of average
400 µm diameter. Beads were washed twice
with 0.9% NaCl and once with complete
medium.
Formation and Release of 3D Spheroids
Cultured In Alginate Beads
Cell-alginate beads were cultured in 6-well
plates (Nunc, Roskilde, Denmark) at 37◦C and
5% CO2 for 5 d with routine medium replace-
ment every other day. 3D spheroids with
desired size (34.1 ± 7.7µm) were formed dur-
ing this culture period. Since the dyes were
not able to penetrate within the beads (pre-
liminary assay—data not shown), 3D spheroids
formed in alginate beads were released from
beads by dissolved with citrate buffer (55 mM
Na citrate, 50 mM ethylenediamine tetraacetic
acid [EDTA], in 0.15 M NaCl, adjust pH to
7.4) and spheroids were collected by centrifu-
gation prior to exposure of dyes.
Testing of Dyes
Cells were seeded at 1 × 105 cells/well
in a 24-well plate in order to test the dyes in
monolayer culture. The same amount of cells
but aggregated into spheroids were seeded in
another 24-well plate to test the dyes in 3D
culture (Nunc, Roskilde, Denmark). Both of the
plates were incubated for 24 h at 37◦C and
5% CO2 prior to exposure of dyes. Spheroids
and cells were then treated with 0.3, 3, or 20
µg/ml dye DO1; 0.5, 5, or 30 µg/ml dye DR1;
and 0.4, 4,or 40 µg/ml dye DR13 and incu-
bated for 24, 48, or 72 h at 37◦C and 5%
CO2 in independent experiments. The concen-
trations were chosen based on solubility of the
dyes in phosphate-buffered saline (PBS). Cells
without dyes were employed as negative con-
trol and medium alone as blank for further
assays.
MTT Assay
The MTT assay is a rapid colorimetric
method to determine viable cell numbers,
which is based on mitochondrial conversion of
MTT to MTT formazan (Fu et al. 2008). After
each exposure, the medium was replaced by
medium without FBS, MTT solution (Sigma, St.
Louis, MO) was added at final concentration
of 0.5 mg/ml, and the plates were incubated
at 37◦C and 5% CO2 for 3 h. After this dura-
tion, the medium was discarded and 200 µl
dimethyl sulfoxide (DMSO; Sigma, St. Louis,
MO) added in order to dissolve the crystals.
One hundred microliters from each well was
transferred to a well of a 96-well plate and
absorbance was measured at the wavelength of
570 nm. The levels of blue color development
in the control wells were designated as 100%
mitochondrial activity, and all further compar-
isons were based on that reference level. Blank
values, indicating the absorbance of MTT alone,
were subtracted from all samples.
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CCK-8 Assay
Cell counting kit 8 (CCK-8) (Dojindo, Japan)
is a colorimetric assay that uses highly water-
soluble tetrazolium salt for determination of
the number of viable cells in cell proliferation
and cytotoxicity assays. WST-8 [2-(2-methoxy-
4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfo
phenyl)-2H-tetrazolium,monosodium salt] is
reduced by dehydrogenases in cells to generate
a yellow-colored product (formazan), which
is soluble in the tissue culture medium. The
amount of formazan dye generated by the
activity of dehydrogenases in cells is directly
proportional to the number of living cells
(Dojindo 2010). Briefly after this time expo-
sure, 10 µl of CCK-8 solution was added to
each well of the plates that were incubated
for 3 h at 37◦C and 5% CO2. The absorbance
was measured at 450 nm using a microplate
reader. The levels of yellow color develop-
ment in the control wells were designated as
100% dehydrogenase activity, and all further
comparisons were based upon that reference
level. Blank values indicating the absorbance
of CCK-8 were subtracted from all samples.
Statistical Analysis
The results presented are expressed as the
mean ± standard deviation of three inde-
pendent experiments. Statistical analyses were
performed using one-way analysis of variance
(ANOVA) with Dunnett’s post hoc test. Results
with p < .05 were considered to be statistically
significant.
RESULTS
MTT Assay
In monolayer culture, DO1 and DR1 sig-
nificantly decreased mitochondrial activity to
approximately 74 and 72%, respectively, after
72 h of exposure at the highest concen-
trations tested (20 µg/ml for DO1 and 30
µg/ml for DR1) (Figures 2a and 2c). However,
in 3D culture, only DR1 showed the same
behavior, reducing mitochondrial activity to
approximately 78% (Figure 2d). Under similar
conditions, DO1 exerted no significant effect
on cell mitochondrial activity (Figure 2b). The
effects of DR13 were more marked. In mono-
layer, the highest DR 13 concentration tested
(40 µg/ml) significantly lowered mitochondrial
activity to 68, 43, and 34% of control values
after 24, 48, and 72 h of exposure respectively
(Figure 2e); in 3D culture at the same concen-
tration (40 µg/ml) it produced similar results
with mitochondrial activity reduced to approx-
imately 77, 64, and 36% after 24, 48, and 72 h
of exposure (Figure 2f).
CCK-8 Assay
DO1 and DR1 did not markedly affect
dehydrogenase activity of HepG2 cells in both
monolayer and 3D culture after 24, 48, or
72 h of exposure (Figure 3, a–d). DR13 sig-
nificantly decreased dehydrogenase activity to
approximately 64 and 67% after 72 h of expo-
sure in monolayer and 3D culture, respectively,
at higher concentration (40 µg/ml) (Figures 3e
and 3f).
DISCUSSION
It is clear that among the dyes tested
DR13 appeared most toxic for hepatic cells.
Unlike for other dyes studied, mitochondrial
activity in both monolayer and 3D culture was
markedly affected with 24 h of exposure as evi-
denced by reduction in mitochondrial activity,
which was enhanced with time of exposure.
The values fell to 30% of control values after
72 h of exposure with DR13 (Figures 2e and
2f). Further, DR 13, unlike the others tested,
also reduced the activity of dehydrogenases of
HepG2 cells (Figures 3e and 3f) in both mono-
layer and 3D culture. However, mitochondrial
activity was more affected by this dye than
dehydrogenase activity. DO1 and DR1 also
significantly lowered mitochondrial activity to
70% when cultured in monolayer (Figures 2, a–
d, and Figure 3, a–d) but exerted no marked
effect on dehydrogenase activity.
Although DO1 reduced mitochondrial
activity in HepG2 cells cultured in monolayer,
no significant effect was noted when this dye
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FIGURE 2. Effects of the dyes disperse orange 1 (a and b), disperse red 1 (c and d), and disperse red 13 (e and f) on mitochondrial activity
of HepG2 cells cultured in monolayer (left column) and in 3D culture (right column) after 24( ), 48 ( ), and 72 h ( ) of exposure.
Asterisk indicates significant difference at p < .05.
was tested in HepG2 cells cultured in 3D
culture. This may be attributed to the microen-
vironment in 3D culture. Other studies also
demonstrated that cells growing in spheroid
cultures are more resistant to cytotoxic agents
than cells in monolayer (Dhiman et al. 2005;
Hoffman 1991; Sun et al. 2006). Since cellular
spheroids can establish a precise 3D geometry
and reproduce the architecture of the tissue in
vivo (Pampaloni and Selzer 2009), it is possible
that DO1 did not reach cells in the center of the
spheroids and interacted only with HepG2 cells
placed on the surface. Alternatively, since liver-
specific functionality is obtained when hepato-
cytes aggregate into spheroids (Pampaloni and
Selzer 2009), it is possible this dye is then
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FIGURE 3. Effects of the dyes disperse orange 1 (a and b), disperse red 1 (c and d), and disperse red 13 (e and f) on dehydrogenase
activity of HepG2 cells cultured in monolayer (left column) and in 3D culture (right column) after 24( ), 48 ( ), and 72 h ( ) of
exposure. Asterisk indicates significant difference at p < .05.
metabolized by liver enzymes, generating by-
products, which do not affect dehydrogenase
activity. The results thus show that in order
to assess hepatotoxicity of these dyes, it is
important to test toxicants using 3D cell culture,
as this culture method simulates in vivo archi-
tecture and biochemistry of the tissue more
reliably, and hence provides more relevant data
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(Hewitt et al. 2007; Pampaloni and Selzer
2009). Nevertheless, it should be noted that
even though several toxicity assays based on 3D
cell models were developed and are promising
in their ability to mimic specific organ response
to toxicants, the validation of these assays is not
yet complete (Pampaloni and Selzer 2009).
Regarding cytotoxicity, other dyes in com-
mon use have also been shown to produce
cell death. Direct red 28, a benzidine-based
azo dye, induced apoptosis in HL-60 cells, a
human promyelotic leukemia cell line (Bafana
et al. 2009); the commercial disperse dye
product CI disperse blue 291 reduced the via-
bility of HepG2 cells (Tsuboy et al. 2007),
and mice chronically fed with the azo dye
p-dimethylaminoazobenzene for various peri-
ods of time showed cytotoxic effects, evident
from modulations in toxicity marker enzymes
(Biswas and Khuda-Bukhsh 2005). Several stud-
ies reported that many dyes, mainly azo dyes,
induced mutagenic activity in bacterial and
mammalian assays (Chequer et al. 2009; Ferraz
et al. 2011a, 2011b; Tsuboy et al. 2007;
Umbuzeiro et al. 2005a, 2005b). It is of interest
that Wistar rats exposed to a textile indus-
trial effluent containing dyes via drinking the
effluent displayed an increased number of pre-
neoplastic lesions in the colon (Lima et al.
2007), indicating that dyes in the environment
represents a risk for human and aquatic health.
In addition, dyes present in aquatic systems
interfere in the life cycle of aquatic biota and
photosynthesis by hindering the passage of sun-
light through the waters (Pereira and Freire
2005). Moreover, dyes may also be toxic syn-
ergistically to certain aquatic life organisms due
to the presence of substituent metals and chlo-
rine in the effluents with consequent enhanced
frequency of mortality and sublethal effects
such as changes in growth, development,
reproduction, and behavior (Figueiredo et al.
2000).
CONCLUSIONS
The azo dyes DO1, DR1, and DR13
induced toxicity in HepG2 cells, especially
DR13. The DO1 significantly reduced
mitochondrial activity of HepG2 cells in
monolayer, but not in 3D culture. Since 3D cell
culture simulates architecture and biochemistry
of tissue in vivo more closely, it is possible that
this dye does not affect mitochondrial activity
of HepG2 cells; however, DO1 needs to be
used carefully due to its mutagenic properties
(Chequer et al. 2009; Ferraz et al. 2011b;
Oliveira et al. 2010). Additional studies in
rodents are necessary to identify risk of liver
damage following oral exposure to azo dyes
DO1, DR1, and DR13.
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